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INTRODUCTION
The bursa of Fabricius was first observed by Hieronymus Fabri- 
cius (1533-1619) in his treatise on the embryology of the chick, 
(Adelman, 19ii2). There are sufficient histological data to demon­
strate that the bursa consists of lymph follicles and epithelial 
tissue. Available data concerning the growth and function of the 
bursa are few in number and in respect to function fail to reveal 
the role of the bursa in Avian physiology*
The bursa of Fabricius is found exclusively within the class 
Aves. It has no known homologue in any other class of vertebrates.
The objectives of this research were to characterize the growth 
of the bursa, study the factors involved in its regression, and to 
investigate the function of the bursa in the domestic fowl.
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NORMAL GROWTH OF THE BURSA OF FABRICIUS
I. Review of Literature
The man who first discovered the bursa was Hieronymus Fabricius 
(1533-1619)t (Adelman, 19U2). His treatise on the embryology of the 
chick, in which the bursa was discussed, is reported to have been the 
most extensive study of its kind for that period. Fabricius erred 
in his description of the bursa which he called a double sac situated 
near the cloaca and connected with the uterus. He also believed 
erroneous]y that the bursa was to be found only in the female where 
it acted as a storage place for the cock's semen.
Since the time of Fabricius the histology of the bursa has been 
extensively studied. Lillie's development of the chick (Hamilton, 
1952), Bradley (1950) and Biester and Schwarte (191$) are the three 
most recent textbooks which include a discussion of the histology of 
the bursa. Calhoun (1933) has reviewed the early literature pertain­
ing to this subject.
The bursa is a round or pear shaped dorsal diverticulum of the 
cloaca. In general, it consists of a serosa, a muscular tunic of 
smooth fibers, and a mucous membrane of longitudinal folds made up 
of a mass of lymphoid and epithelial tissue, Calhoun (1933)•
According to Boyden (1922), the bursa was considered to be pri­
marily a lymph organ by Leydwig (1857) and primarily a glandular 
organ by Stieda (1880).
On the Inside wall of the bursa are folds which contain many 
follicles. The follicles when stained show two cellular zones, a 
darkly staining cortex and a lighter medulla, Bradley (1950). Jolly 
(l911t) reported 12 - II4. folds per bursa in the chicken. Retterer 
(1885) found lj.0 - 50 follicles per fold. Wenckebach (1896) stated 
that the follicles consisted of two parts; epithelial and connective 
tissue. He believed, unlike Retterer (1885), that the connective 
tissue and blood vessels did not penetrate the medullary section of 
the follicle. Calhoun (1933) compared the medullary division to a 
germ center of a lymph node. A reticular network of cells separated 
the cortical and medullary portion. Blood vessels were not observed 
in the medullary division of the follicle, but they were present in 
the cortical part.
The epithelium was found by Calhoun (1933) to be pseudostratified 
columnar on, and near, the tips of the folds, but simple columnar be­
tween the folds.
A valve covering the opening of the duct from the cloaca to the 
bursa was not observed by Forbes (1877), but was present in the birds 
examined by Calhoun (1933)*
Ectodermal and entodermal. origins have been theorized for the 
bursa. Jolly (1910) concludes that the bursa develops at the expense 
of the epithelium of the cloaca. And, therefore, it is of entodermal 
origin. This was confirmed by Boyden (1922).
The follicles arise from epithelial buds and connective tissue. 
According to Bqyden (1922), epithelial buds of the folds grow into
the surrounding mesenchyme and become enveloped in a cortical layer 
of connective tissue. The epithelial bud then becomes the medulla 
of the follicle. The increasing size of the follicles result in a 
polyhedral shape and a thickening of the bursal wall. Jolly (19110 
reported that ameboid cells from the mesenchyme gather in the vi­
cinity of the epithelial buds during the Uth day of incubation. The 
lymphocytes arise from the ameboid cells. The epithelial cells form 
a recticular network where the lymphocytes reside. The cortex of 
the follicle becomes a highly vascularized lymphoid tissue. This 
process is reversed in involution. The lymphocytes within the medulla 
die and the epithelial cells revert to epithelial buds.
Various statements have been made in the literature concerning 
the growth of the bursa in the domestic fowl without citing the 
source of information. For example, Hinshaw (1953), Bradley (1950), 
Kaupp (1933), Schauder (1923) and Thomson (1923), to mention a few, 
state that the bursa attains its maximum size at four months and 
then commences to shrivel. The evidence for this can be traced to 
Jolly’s publications of 1913 and 191U. Jolly reported that the bursa 
attained its maximum size at four months and then regressed. The 
earliest bursa weight reported for a chicken was probably recorded by 
Davy (1866). This was a bursa weighing seventy-four grains at nine­
teen weeks and six days. More recently Woodward (1931) has reported 
the weights of bursae at 16 and 23 weeks of age which average approx­
imately 3.5 and 2.8 grams respectively. Taibel (1935 and 191+1) states 
that the bursa is in "full evolution" at two months and scarcely
begins to regress at four months* However, on the basis of the few 
bursa weights presented in table form in his 19lil paper, it appears 
that the bursa actually is regressing between 2 and 2 1/2 months.
The dimensions of the bursa have also been reported in the litera­
ture. Davy (1866) measured the bursa of thirty different species of 
birds* He found the bursa to range from the size of a pea at I4 days 
of age to 1.7 X 1.5 inches at eleven and seventeen weeks. Since only 
one bursa was measured at any one time, Davy (1866) was unable to make 
a definite statement concerning the time of bursa regression other 
than it grows during the early period of development and eventually 
regresses. From the data of the remaining twenty-nine species Davy 
concluded that in Gallinacae and Anatidae the bursa grows and then 
diminishes in size. In birds of "rapid growth" that fly readily the 
bursa is large while the bird is young, but does not increase as the 
birds grow. It diminishes in size sooner in these birds than in the 
common fowl. Ninety species of birds were investigated by Forbes 
(1877) 'who concluded that the bursa exists in both sexes and probably 
all birds, and developes in young and atrophies in old. Taibel (1935) 
mentions that in Ratitae the bursa apparently does not regress. Ac­
cording to Retterer (1885), the size at maximum development is 2 1/2 
cm. long by 2 cm. wide by 1 1/2 cm. thick. At four to five months 
of age Schauder (1923) believed the bursa to be at its largest size 
of 2 - 3 cm. long and 1 1/2 cm. wide. He states the bursa disappears 
between nine and eleven months. In (1931+) Beach, Schalm, and
Lubbehusen injected laryngotracheitis virus into the bursa. During 
their experimentation they found the bursa absent in all birds in a 
flock of seven month old 'White Leghorn pullets, small or absent in 
16 per cent of the hens at five months of age, and small or absent 
in 1/k to 1/3 of all four month old males.
Bursa measurements have been reported for the Ring Dove (Strep- 
topelia risoria), Common Pigeon (Coluniba livL_4, and Ring-necked 
Pheasant (Fhasianus colchicus). Riddle (1928) calculating age from 
date of lay (embryonic age) found the age of maximum size for the 
bursa to be 3*1 and 2.7 months for the Ring Dove and Common Pigeon 
respectively. The bursa attained its largest size in Ring-necked 
Pheasants between the ages of 100 - 130 days according to Kirkpatrick 
(l9U*a). The largest depth measured by inserting a glass tube di­
rectly into the bursa was 22 mm. This method is described in detail 
by Kirkpatrick (I9hhb).
A few investigators have studied bursa in relation to the growth 
of the thymus, body, and gonads. Spermatozoa were found in the lumen 
of the bursa as early as eleven weeks of age by Davy (1866). Jolly 
(1911) believed that the transformation of the bursa from an epithelial 
bud to a lymph organ was analogous to the problem of thymus develop­
ment (histologically). The data of Jolly (1913 and 191L) demonstrates 
that thymus involution is slower, more irregular and later than bursa 
involution. Also, the bursa of Fabricius is developed maximally at 
a time when the testes are small and immature but actively producing
spermatozoa. According to Jolly, the beginning of involution coin­
cides with the appearance of sexual maturity, but he does not define 
"appearance of sexual maturity." In the Ring Dove (Streptopelia 
risoria) and Common Pigeon (Columba livia) Riddle (1928) found the 
following:
1. The bursa and thymus increase in size together and involute 
together.
2. The bursa unlike the thymus involutes completely.
3. The bursa grows while gonads are supressed and involutes 
when gonads begin their rapid growth.
It. The bursa involutes at a time when maximum body weight is 
almost attained.
5. Bursa involution is usually completed at the time of sexual 
maturity.
The thymus and bursa of Ring-necked Pheasants reach maximum size 
between 100 - 130 days, Kirkpatrick (19Uia). The bursa and thymus 
involute before the gonads make their rapid increase in size, with 
the thymus involuting more rapidly than the bursa.
The function of the bursa has been in dispute for many centuries. 
Adelman (19U2) says Fabricius believed it to be present only in fe­
males where it served as a semen receptacle and reservoir. This lat­
ter was disputed by Harvey (1766) according to Davy (1866). Harvey 
believed that a series of eggs could be fertilized by one or two suc­
cessive matings. He obtained a chick twenty days after separating a 
hen from her mate. It was inferred by Davy that these results were
used by Harvey in refutation of Fabricius. However, it is obvious 
that they could also be used in favor of Fabricius's idea. Davy 
himself believed that it was highly improbable for semen to be stored 
in the bursa of a hen for a period of a year. He based his argument 
on the evidence that the bursa regresses with advancing age, and on 
the enlargement of the oviduct and vasa deferentia. However, Davy 
did believe that the bursa acted as a seminal reservoir at an early 
age in the male prior to the development of the vasa deferentia and 
in the female as long as the oviduct was small. Two other bursa 
functions were cited by Davy: one, in Owl (Strix stridula) nestlings
it was considered to be useful as a urinaiy bladder to prevent nest 
fowling^ and.- two, as a lubricator of the cloaca. O'Sawa (1911), 
according to Boyden (1922), believed the bursa to be homologous with 
the prostrate gland. According to Retterer and Lelievre (1913) the 
bursa has been given the following names: egg reservoir, genital
apparatus, seminal vesicle, prostrate, third caecum, anal gland, 
anal pouch, urinary vessel, bladder, cowper's gland, and female pouch 
receiving male sperm. The beginning of bursa involution was found to 
coincide with the appearance of sexual maturity by Jolly (1913, 191lt). 
He believed it not unreasonable to suppose that the bursa of Fabricius 
was involved in the attainment of sexual maturity. The bursa in 
Jolly's thinking represented an ancestral glandular cloacal caecum 
in regression, for example an appendix, which by adaptation to a new 
function was composed entirely of epithelial and mesodermal lymphoid 
tissue. Jolly also suggested that the bursa is involved in the
nutritive exchange of the alimentary canal* A similar relationship 
of bursa involution and gonadal activity led Riddle (1928) to theorize 
that the bursa was stressing the growth of the testes in doves.
The bursa has also been mentioned as a hemopoietic organ, Jolly 
(1911 and 1911*). It has been credited with the formation of not only 
leukocytes but also erythrocytes.
Anuran tadpoles were fed bursa, spleen, thymus, muscle and thy­
roid by -^ 'raneescon (1931)* The bursa induced a greater somatic devel­
opment than did the thymus and also retarded metamorphosis when 
compared with the spleen. He concluded that the function of the 
bursa and thymus may be similar and the bursa may be endocrine in 
nature.
Fourteen day old Barred Plymouth Rocks were divided into three 
groups on the basis of their weight by Hammond and Bird (191*2): 
large chicksj average chicksj and small chicks. The bursa and thymus 
were found to be the heaviest in the largest chicks. They concluded 
that these glands are larger in larger chicks as a result of the in­
creased growth of the bird and not the cause of the increased growth.
In a recent article Hinshaw (1933) states that the fluke Pros- 
thogonimus macrorchis, occurs in the bursa. Also, Turkeys recovering 
from hexamitiasis will contain the bacteria, Hexamita melegridis, in 
the bursa.
The bursa has been employed as a practical means of determining 
age in Game birds. G;ower as early as (1939) used the bursa as an age 
indicator in game birds. By probing the bursa of Ring-necked
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Pheasants with a blunt 8 penny nail Ldnduska (19U3 and 19U5) could 
determine the approximate age of the birds. Kirkpatrick (l9Ul|b) 
determined the depth of the bursa in live pheasants by inserting a 
graduated glass tube into it. Juveniles and adults were separated 
on the basis of the measurements which were greater in juveniles.
Elder (19U6) attempted to determine sexual maturity in geese 
by using the bursa of Fabricius*
Several general statements based on the literature can be made 
concerning the histology, growth, and function of the bursa of Fabri­
cius.
The bursa develops from entoderm, originally is epithelial in 
nature, but later in its embryonic development becomes histologically 
an epithelial-lymphatic structure. It is present in all birds. In 
Pigeons and Pheasants it regresses between 2.7 and 3.1* and 3*5 and 
5.0 months respectively. Bursa regression in the domestic fowl is 
considered to be between it and 5 months. Growth of the bursa ap­
pears to parallel testes inactivity and bursa involution coincides 
with an increased growth of the testes. It is suggested by several 
investigators that the bursa is endocrine in nature. In this capa­
city it may function as an inhibitor, or stimulator, of testes 
growth.
It is evident that more research is needed concerning the 
growth and function of the bursa.
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II. Materials and Methods
A total of 1670 birds were used in studying the growth of the 
bursa of Fabricius. Many different hatches were required to produce 
these birds. Barred Plymouth Rock X Dominant White Rock crosses,
Rhode Island Reds, Single Comb White Leghorns, and reciprocal crosses
r
between the Rhode Island Red and White Leghorn were the chickens 
studied. All chicks with the exception, of the Dominant White cross 
were obtained by artificial insemination and pedigreed hatched as 
to sire and dam.
The ages of the birds studied ranged from two days to eighteen 
weeks. Live weight was recorded in grams when the bird was killed.
The testes and bursa of Fabricius were placed in a glass container 
and weighed to the nearest tenth of a milligram on a Chainomatic 
Christian Becker balance.
A few of the Leghorns reared in batteries were "sham" operated 
before U weeks of age. These birds were the controls of one bursec- 
tony experiment. The procedure for the sham operation was the fol­
lowing: (l) the birds were anesthetized; (2) a horizonatal incision
was made between the base of the tail and upper lip of the vent; 
and (3) the exposed bursa was drawn outside the body cavity, handled, 
and returned with its cloacal attachment still in tact.
The statistical procedures for the correlation coefficients, 
regression coefficients, and analysis of covariance were obtained from 
Snedecor (19U6). The procedure for estimating heritability was based 
on the model presented by Lerner (1950).
III. Results
A. Initial Trial 
Eighty males and sixty-eight females of a Barred Plymouth Rock 
X Dominant TSIhite Rock cross were utilized in this first trial. The 
objectives were two-fold; to trace the growth of the bursa; and to 
determine its relationship to growth of the body and testes. Five 
chickens of each sex were killed weekly to the sixth week and then 
every second week to eighteen weeks of age. These birds were from 
the same hatch and were brooded together on litter. Body, bursa, and 
testes weights were recorded as the birds were killed.
The average weight of the bursa, accompanied by its coefficent 
of variation and percentage of body weight are presented separately 
for both sexes in Table 1. Bursa weight per se increased steadily 
to the eighihweek in both sexes. This increase is also apparent 
when the weight of the bursa is expressed as a percent of the total 
body weight. At eight weeks the bursae of both males and females 
represent slightly more than 0.3 percent of the body; an increase 
of more than 0.2 percent from hatching.
The bursa of the males attained its largest average size of 
3.63 gm. at ten weeks. At which time it represented .28 percent of 
the body weight and apparently was growing at a slower rate. The 
data indicate that the male bursa begins its regression between the 
tenth and twelfth weeks.
Between twelve and fourteen weeks the bursa of the female lost 
1.23 grains. It also represented only .1£ percent of the body at
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Table I
Growth of the Bursa in Barred Plymouth 
Rock X Dominant White Rock Crosses
Age Bursa Weights Coefficients of Bursa Weight x 10Q
(Weeks) (Gram) Variation Body Weight
Male Females Male Female Male Female
2 days .0327 .0383 .31* .18 .12 .10
1 (Week) .17 .13 .26 .27 .20 .22
2 •3k .1*1* .33 .27 .29 .31
3 • 9k' .77 .11* .29 .33 .32
1* •99 1.13 .23 .23 .28 .31
6 1.68 1.39 .33 .21* .36 .39
8 3.1*6 3.1*1* .11 .31* .32 .37
10 3.63 2.86 .39 .23 .28 .21*
12 2.99 3.77 .20 .38 .19 .26
1U 3.1*7 2.31* .1*9 .28 .13 .1$
16 2.13 2.1*1* .1*9 .86 .07 .12
18 1.13 1.99 1.02 .61 .01* .07
lit
fourteen weeks as compared to .26 percent at ten weeks. Since it 
continued to decline in the following weeks, the period of initial 
bursa regression for the female is probably between twelve and 
fourteen weeks. The onset of regression is therefore much earlier 
than that reported in the literature.
The bursae of two day old males and females were .0527 and 
.0385 grams respectively. Since this indicated a sex difference at 
this age, twenty-three male and female crosses were secured and 
their bursae weighed at two days of age. The bursae of the males were 
the heavier. The observed difference, tested by the analysis of co- 
variance, was significant at the Pq£ level.
The high coefficients of variation for both sexes (Table 1) in­
dicates a highly variable bursa. Variability appears to increase in 
the later stages of regression.
Presented in Table 2 are correlation coefficients between the 
weights of bursa and body and bursa and testes. Since a sex difference 
in bursa weight was not noted after two days, the sexes were combined 
in the calculations of the correlation coefficients. A glance at the 
table suggests a high degree of correlation between the bursa and body. 
Up to the eighth week the correlations are the highest averaging .65. 
From the tenth to the eighteenth week, which corresponds roughly to 
the period of regression, the correlations average .3l». This lower 
correlation would be expected if the bursa of some individuals begin 
to regress earlier and more rapidly than others.
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Table 2
Correlation Coefficients between Bursa and Body 
and Bursa and Testes in the Barred 
Plymouth Rock X Dominant White 
Rock Crosses
Age 
(Weeks)
Correlation Coefficients 
Between the 
Bursa and Body
Correlation Coefficients 
Between the 
Bursa and Testes
2 days .91
1 (Week) .33
2 .71 .78
3 .36 0
it .81 -.7it
6 .79 -.19
8 .68
0
 •1
10 .36 -.01
12 .37 .12
lit .it2 -.38
16 .36 -.01
18 .20 -.3it
sexes combined
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The coefficients of correlation between bursa and testes pre­
sented in Table 2 indicate an inverse relation between these two 
glands. This relationship is clearly pictured in Figure 1. Up to 
the eighth week the testes grow at a very slow rate in comparison to 
the bursa. The testes make their most dramatic increase in weight 
after the eighth week at a time when the bursa has reached its maxi­
mum size and was thus approaching the period of regression. The 
testes increase steadily after the eighth week while the bursa con­
tinues to regress.
The data from this initial trial suggest the followings
1. The bursa regresses, in general, at approximately twelve 
weeks which is earlier than has been previously reported.
2. Bursa weight at 2 days of age is significantly heavier in 
males than in females.
3. The bursa is highly variable in both sexes.
ii. There is a high degree of relationship between the bursa 
and body weight during the first eight weeks or period of rapid 
bursa growth.
5. It has been demonstrated that the period of rapid increase 
in bursa weight is accompanied by a slow rate of increase in testes 
weight, and that the period of bursa regression coincides with a 
rapid increase in testes weight, Figure 1. The statement by Riddle 
(1928) for the dove that the bursa inhibits the early development 
of the testes is an appropriate hypothesis for the data of Figure 1.
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B. Bursa Growth 
Number of individuals measured, average weight of the bursa, 
coefficient of variation, and percent of bursa to body are pre­
sented in Tables 3 and 1] for White Leghorns and Rhode Island Reds 
of both sexes. Battery and litter reared birds are listed sepa­
rately. This was advisable since the birds from the two groups 
were from separate hatches and their bursae gave evidence of growing 
at different rates.
Observed differences between the weight of the bursa of males 
and females within the battery and litter group and between kinds 
of chickens were tested by the analysis of covariance] in order to, 
adjust for discrepencies in body weight.
1. White Leghorns
Table 3 demonstrates that during the first four weeks White 
Leghorn male and female battery reared birds increased rapidly from 
.0509 to 1.27 grams and .0358 to .89 grams respectively. This rapid 
bursa increase is further evidenced by the bursa to body ratio to 
li weeks in which males increased from .lit to .51] percent and females 
from .11 to .Uli percent. At U 1/2 weeks the male bursa gained slight­
ly, .08 gm., and represented .1*1 percent of the total body weight.
This indicated that the bursa was growing at a slower rate than in 
previous weeks. Male bursa declined rapidly after 1] 1/2 weeks.
Bursa growth of battery reared females paralleled that of the 
males] growing rapidly to four weeks and then regressing between 
k and 6 weeks.
Table 3
Growth of the Bursa in White leghorns
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Age 
(Weeks) Sex
Number of 
Chicks
Weight of 
Bursa
Coeffic. of Bursa 
Variation Body X 100
Bat. lit. Bat. Lit. Bat. int. Bat. Lit.
2 days M 21 5 .0509** .0502 .20 .20 .lli .13
F 17 5 .0358 .0580 .28 .17 .11 .13
1.^ M 16 38 .205** .232 .39 .39 .26 .26llvCAO F 15 52 .162 .215 .37 .37 .22 .25
2.0
M
F
51
52
•hk 
.39
.52
.39
.37
.39
2 ^ M 16 .69 •2li .1*5c o F Hi .52 .31 .iil
3.0 M lli .92 •li6 .52F 20 .98 .26 .50
1. n M 13 99 1.27 1.21 .iil •li6 .5a .50U.u F 8 129 .89 1.06 .36 .37 .aa .ai
). if M 5 li7 1.35 1.U2 .27 .30 .ai .a74 0 F 56 1.19 .36 .a7
F 15 1.U7 .2ii .ao
6.0 M 5 5 .60 1.57 .liO .30 .15 .a3F 5 20 .60 1.79 .20 .39 .ia .ao
M 1; .52 .36 .10V O F h .51 .08 .ia
7.0 F 15 .76 .21 .ia
7.5 M 6 .67 •U6 .101 F 6 .51 .22 .13
8.5 M 5 .79 .U8 .09
9.5 M h .61 .59 .06
io.5 M 5 .66 .27 .06
** Significant at levels (Analysis of Covariance)
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As a group the bursa of males and females was less variable at 
hatching, 20 and 28 percent, respectively than at any other age.
The coefficients of variation were generally high for both sexes.
Mien chicks were brooded on litter, the growth of the bursa con­
tinued for a longer period and increased to a larger size. The bursae 
of litter reared Miite Leghorn male and females increased rapidly in 
actual weight to 6 weeks of age. However, the male bursa represented 
.11 percent less of the total body at six weeks than at three weeks; 
suggesting that the male bursa was approaching the limit of its de­
velopment at this time. The bursa of the females represented .1*0 per­
cent of the body at 5> 1/2 weeks which was .07 percent less than at 
U 1/2 weeks. Between 6 and 7 weeks the female bursa regressed from 
1.79 gm. to .76 gm. The female bursa at seven weeks thus represented 
only .li; percent of the body as compared to .iiO percent the previous 
week.
The weight of the bursa based on the coefficient of variation 
liras more uniform at 2 days of age for both sexes than at the other 
ages. The bursa of males tended to be more variable than females.
Although males were generally heavier than females at all ages, 
the differences were highly significant at only 2 days and 1 1/2 weeks 
in the battery reared birds. This suggests that, in general, the 
larger male bursae are a result of larger bodies.
Comparing the bursae of battery and litter reared birds, it is 
observed that bursa regression occuring between ii 1/2 and 6.0 weeks
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in battery birds precedes the bursa regression of litter reared 
birds by more than a week.
Since all the bursae of birds raised in batteries after 6.0 
weeks had been subjected to manipulation in situ, (see Section II) 
prior to the fourth week, the rapidity and irregularity of bursa 
regression during this period may be a reflection of this handling. 
However, an identically rapid regression was recorded for females 
reared on litter between 6 and 7 weeks which had not been subjected 
to bursa manipulation. Thus it appears that regression of the bursa 
not only begins earlier in the Ihite Leghorn but also progresses 
more rapidly than in the crosses.
2. Rhode Island Reds
Table 4 demonstrates that definite regression of battery reared 
Rhode Island Red females occurred between 8 and 9 1/2 weeks instead 
of Itgto 6 weeks as in Leghorns. The coefficient of variation in­
creased once regression was initiated.
The bursa of both sexes of the litter reared birds grew stead­
ily to the ninth week. However, after the third week the bursae made 
no further increase relative to the body. Male bursae regressed be­
tween 9 and 11 weeks. It is evident that between the ninth and thir­
teenth week the female bursa had reached its maximum growth and was 
starting to regress. Actual regression occurred between the eleventh 
and thirteenth weeks. The variation at 1 1/2 and 6.0 weeks for both 
sexes was markedly higher than at the other ages. The coefficients 
of variation for males at 1 I/ 2 and 6.0 weeks are 5h and 37 percent
22
Table it
Growth of the Bursa in Rhode Island Reds
Age 
(Weeks)
2 days 
1.$ (Weeks)
3.0
U.o
6.0
6.3
7.3
8.0
9.0
9.3 
11.0 
13.0
No. of Weight of Coef. of Bursa v inn
Sex Chicks Bursa Variation Bocty
A XvV
Bat. lit. Bat. Lit. Bat. Lit. Bat. lit.
M 3 .0108 .05 .09
F 3 .0365 .27 .06
M 59 .1865 .5U .19
1 F kB .1796 •k7 .19
M 20 .76 .22 .37
F 10 .66 .35 .37
M 8 139 1.09 .97* .2U .21 .39 .35
F 7 126 1.03 .7U .18 .19 .39 .33
M 5 1.66 .37 .37
F 5 .99 .51 .28
F 12 2.23 .27 .39
F 12 2.72 .Uo .39
M 12 3.73 .29 .38
F 12 3.16 .28 .39
M 5 3.25 .15 .35
F 5 2.85 .26 .28
F 12 2.62 .hh .27
M 5 3.07 .21 .23
F 12 5 1.27 2.89 .U9 .16 .10 .2U
F 5 2.85 .iil .20
* Significant at Pq£ level (Analysis of Covariance)
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respectively. Corresponding figures for the females are li7 and $1 
percent respectively. The relative uniformity of male bursae at 2 
days, and 3, U, 9, and 11 weeks is revealed by the low coefficients 
of variability of 5, 22, 21, 1$, and 21 percent respectively. Cor­
responding figures for the females of 27, 35, 19, 26, and 16 percent 
reveal a similarly uniform bursa at these ages.
Male bursae were significantly larger than those of the females 
at it weeks of age.
The bursae of 'White leghorns and Rhode island Reds from the 
same hatch are compared in Table 3. Although the body weight was 
in favor of the Rhode Island Reds at all ages, their bursae were 
consistently smaller than those of the White Leghorn. Highly sig­
nificant differences were found between the corresponding sexes of 
both breeds at 2 days, and U weeks. The observed differences be­
tween White Leghorn and Rhode Island Red males and females at 1 1/2
weeks was significant at the P01 and Pq£ levels respectively. No
significant differences were observed at 6 weeks of age.
C. Influence of Inheritance on Bursa Weight 
The total variation of a specific tissue is made up of, in gener­
al, variation due to heredity and to environment. The geneticist is 
interested in estimates of heritability which represent the portion 
of the total variance due to heredity. Heritability is of importance 
in predicting changes which may be made thru breeding and thus aids 
in planning future breeding programs. Heritability estimates are
2k
Table 5
Comparison of the Bursae of White leghorns and 
Rhode Island Reds
Age 
(Weeks) Sex
ifiimber 'of 
Chicks
Weight of 
Bursa
Coef. of 
Variation
Bursa
Body
X 1C0
WL RIR WL RIR WL RIR WL RIR
2 days M 5 5 •0502** .0lil8 .20 .05 .13
.09
F 5 5 .0580** .0365 .17 .27 .13 .06
1.5 (Weeks) M 38 59 .23#* •
.18 .39 .5U .26 .19
F 52 k3 .21* .18 .37 •k7 .25 .19
U.o
M 93 13k 1.19## .98 .35 .12 •kl .35
F 109 121 1 .06** .75 .1*0 .10 .Bi .31
6.0
M 5 5 1.57 1.66 .30 .37 •k3 .37
F 5 5 1.16 .99 .58 .51 .38 .28
# Significant at Pq^ level. 
** Significant at P01 level.
presented in Table 6 and 7 for four week old White Leghorns and 
Rhode Island Reds. The high heritability values for the White Leg­
horns based on dams, sires and the combined sire and dam estimates 
are 2.133, .5338, and 1.3021 respectively (Table 6 ). Corresponding 
figures for the Rhode Island Red are .97, .25, and .61 respectively 
(Table 7). The discrepancy between the dam and sire estimates may 
arise from the inclusion of: (l) maternal effects included in the
dam estimate but not sire estimate; (2) sex linkage which is in­
cluded in sire estimate but not in dam estimate; and (3 ) varying 
amounts of non-additive gene action. The larger heritability es­
timates based on the dam indicates a maternal effect. The greater 
than 1 estimates may be attributed to sampling error. A logical 
question to ask is does size of the bursa within each breed differ 
between sire families? Parts I and II of Table 8 demonstrate that 
there is a highly significant difference between sire families at 
the Irth week in both White Leghorns and Rhode Island Reds. The dif­
ference between progenies of different sires is also highly signifi­
cant at 2 weeks of age in White Leghorns (Part III of Table 8 ).
Since this is the case, a comparison of bursa size from different 
sources within the same breed at a specific age might lead to highly 
erroneous conclusions.
In order to ascertain the effects of breed crossing on bursa 
size and at the same time reduce environmental variation, five males 
and 30 females of both the White Leghorn and the Rhode Island Red 
breeds were mated to their kind for one week and cross inseminated
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Table 6
Heritability Estimate of Bursa Size in 
U Week Old White Leghorns
Source of Variation D.F. M.S. Composition "of il.S.
Total 201
Between Sires k 7.0586 Q-J- 6.7D + 6 (6 .7)S
Between Dams in Sires 25 18.6821 Q + 6.7D
Between Full Sibs 172 10.8977 Q
Heritability Estimates: 
UP - O TOO
S T d T q  " 2,133
,r kg _ .5338
S-h D + Q
2(D + S) _ i n^oi 
S T  if+I4 1,3021
Table 7
Heritability Estimates of Bursa Size in 
U Week Old Rhode Island Reds
Source of Variation D.F. k.S. Composition of M.&.
Total 25U
Between Sires k .7595 Q +  8.5D + 6 (8 .5)S
Between Dams 25 .3503 Q + 8.5D
Between Pull Sibs 223 .0881* Q
Heritability Estimates:
28
Table 8
Analysis of Covariance of Bursa Size in 
White Leghorns and Rhode Island Reds 
by Families
Source of Variation D.F. Sum of Squares Mean Squares
Part 1 (White Leghorn)
Total 158 11*. 51*38
Between families U 3.71*1*7 .9362**
Error 151* 10.7991 .0701
Part 2 (Rhode Island Red)
Total 173 15.6913
Between families 1* 1.8553 .1*638**
' Error 169 13.8360 .0819
Part 3 (White Leghorn)
Total 68 .51*19
Between families 1* .0831 .0206*
Error 61* .1*588 .0072
* Significant at Pq^ level.
** Significant at Pq-^ level.
the second week. Eggs were set after collecting for lU daysj thus 
crediting approximately 7 days eggs to the pure mating and 7 days 
to the White Leghorn male X Rhode Island Red female and Rhode Island 
Red male X White Leghorn female mating. The mean bursa size at two 
weeks for all kinds is presented in Table 9. The analysis of co- 
variance for this mating is presented in Table 10. The size of the 
bursa differs significantly between the four kinds of chickens, Pqi 
level. Highly significant differences were also noted between sex. 
The least significant differences calculated from the within kinds 
mean square for the Pq£ and P01 levels are .0197 and .0260 grams 
respectively. Differences in mean bursa size between sexes within 
kinds and between the average of any two kinds which exceed those 
values are termed significant or highly significant. The mean bursa 
size of both White Leghorns and Rhode Island Red X White Leghorn are 
significantly heavier than both the Rhode Island Reds and White Leg­
horn X Rhode Island Red. No significant difference was found between 
White Leghorns and Rhode Island Red X White Leghorn.. This is fur­
ther indication of a major effect of the mother. The bursae of White 
Leghorns X Rhode Island Reds was significantly heavier than the bursa 
of Rhode Island Reds. The bursa of males within all U mating types 
is significantly heavier than that of the females.
The following is a general summary of the bursa growth data:
1 . The bursa regresses between ii and 7 weeks in White Leghorns 
and 8 and 13 weeks in Rhode Island Reds.
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Table 9
Average Bursa Size of 2 Week Old White Leghorns, Rhode 
Island Reds, and Reciprocal Crosses between 
the Two Breeds
Breed Males Females..... Average
Number of Weight Number of Weight Bursa Wt. 
Chicks of Bursa Chicks of Bursa Both Sernas
White Leghorn 1*8 .1*5 U7 .1*2 .1*1*
Rhode Island Red 30 .39 39 .32 .36
Rhode Island Red1
X
White Leghorn
59 .1*6 51 .U3 .1*5
White Leghorn
X
Rhode Island Red
25 .1*0 33 .1*1 .1*1
1 The first breed mentioned in the cross is the male parent
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Table 10
Analysis of Covariance of Bursa Size between Progeny 
of White Leghorns, Rhode Island Reds, and Reciprocal 
Crosses of the Two Breeds
Source of Variation D.F. Sum of Squares Mean Square
Total 198 1.30f?l
Between Kinds 3 .1733 .0578**
Between Sex 1 .lU6ii .1U6U**
Error 19k .985k .0051
Least significant differences between kinds: 
PQcJ level a .0197
Pq-^  level s .0260
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2. The bursae of battery reared White Leghorns and Rhode Island 
Reds regressed 1 1/2 and 2 1/2 weeks earlier than corresponding lit­
ter reared birds.
3. Male bursae were generally heavier during the first i| weeks 
after hatching.
iu The bursae of White Leghorns were significantly heavier 
than those of Rhode Island Reds at 2 daysj 1 1/2 and li weeks.
3. Heritability estimates for bursa weight at ij. weeks ranged 
from .33 to 2.13 for White Leghorns and .25 to .97 for Rhode Island 
Reds.
6 . The two week old progeny of Red males X Leghorn females 
had heavier bursae than the progeny of the pure Leghorn, pure Red 
and male Leghorn X female Reds.
7. At it weeks of age the dam appears to affect the bursa size 
of the chick to a greater extent than the sire.
D. Bursa - Body Relationship
Correlation coefficients and regression coefficients between 
bursa and body weight for White Leghorns and Rhode Island Reds are 
presented in Tables 11 and 12 respectively. The data include mea­
surements on both sexes. High correlation coefficients exist for 
both breeds prior to the period of regression, Table 11. The average 
correlation coefficient for "White Leghorns prior to 6 weeks and Rhode 
Island Reds prior to 9 weeks are .658 and .62? respectively. The 
earlier bursa regression of White Leghorns is reflected in the
correlation coefficients. The correlation coefficient of 7 week 
old White Leghorns is .136. A correlation as low as this is 
reached in Rhode Island Reds between 9.£ and 11.0 weeks. The re­
gression coefficients of Table 12 indicate that the bursae of White 
Leghorns increase at a more rapid rate during the first it weeks than 
the Rhode Island Reds bursa. Progressively smaller regression coef­
ficients are recorded for the White Leghorns and Rhode Island Reds 
between it and 7 weeks, and 8 and 13 weeks respectively. Thus Mfac­
tors'1 acting adversely on the bursa come into action sooner in 
White Leghorns than Rhode Island Reds. This may have some relation 
to the role of the bursa in antibocty- production.
E. Bursa - Testes Relationship 
The relationship of the bursa and testes in White Leghorns and 
Rhode Island Reds is presented in Figures 2 and 3 and Tables 13 and 
H u  The testes of White Leghorns are relatively quiescent the first 
it weeks while the bursa is growing rapidly, Figure 2. Between 1* and 
it.5> weeks the testes make their first large gain in weight which is 
accompanied by the initial regression of the bursa. In the following 
weeks the testes continue their phase of rapid growth while the bursa 
declines. The fluctuations in bursa size may be attributed to their 
prior manipulation in situ, as expressed in Part II, and to the small 
numbers employed. Figure 2 is consistent with the data of Tables 
13 and lit. From an examination of Table 13, it is evident that the 
weight of the bursa and testes, in relation to body, increases at
3k
Table 11
Correlation Coefficients between Bursa and Body in "White 
Leghorns and Rhode Island Reds
Mri-te Leghorns Rhode Island Beds
Age Number of Correlation Number of Correlation 
Weeks Chicks Coefficients Chicks Coefficients
1.5 90 •U75 102 .695
2.0 102 .632
2.5 30 .711
3.0 3k .725 30 .680
U.o 201 •6kh 255 .U56.
U.5 103 .758
5.5 15 .662
6.0 25 .153 10 .915
6.5 12 .309
7.0 15 .136
7.5 12 .850
8.0 2i| .1*85
9.0 10 .38 3
9.5 12 .280
11.0 12 -.003
13.0 5
$H•1
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Table 12
Regression Coefficients of Bursa on Booty- in 
IWhite Leghorns and Rhode Island Reds
Leghorns Rhode Island Reds
Age Number of Regression Number of Regression 
Weeks Chicks Coefficients Chicks Coefficients
1.5 90 .0032 102 .0030
2.0 102 .oo51i
2.5 30 .0065
3.0 3k .0091 30 .0068
li.o 201 .0065 255 .00k2
U.5 103 .0062
5.5 15 .0053
6.0 15 .0032 10 .0072
6.5 12 .OOiil
7.0 15 .0011
7.5 12 .0102
8.0 2h .ooUi
9.0 10 .0018
9.5 12 .0030
11.0 12 -.0001;
13.0 5 -.0011;
different times; the bursa prior to U.5> weeks, and the testes after 
the lith week during bursa regression. Consistent with these results 
are the positive correlation coefficients between the bursa and 
testes up to lj.0 weeks and the generally negative correlations after ,. 
the kth week. The data are in agreement with those obtained from 
the bursa - testes relationship of the initial trial.
Although only six ages are available to compare the growth of 
the bursa and testes in Rhode Island Reds, the characteristic re­
lation of the bursa and testes is indicated. In Figure 3* which is 
based on actual weights, the testes make their first large increase 
after 6 weeks or at a time when the bursa is still growing. 71/hen, 
however, the bursa and testes are expressed as a percent of the body, 
(Table 13) appreciable gains in testes weights first occur between 
the 9th and 11th weeks; which coincides with the period of bursa 
regression. The widely divergent correlation coefficients of 0, 1.0, 
-.783, .1|06, -.8&3 and .270 at 2 days and 1 .5, 1*.0, 6 .0, 9.0, and
11 weeks respectively demonstrate only that, in general, a low corre­
lation exists between the bursa and testes after U weeks (Table lU).
IV. Discussion
The bursa is generally believed to attain its maximum size be­
tween k and 5 months after hatching (Jolly, 1913, 19110 • This inves­
tigation characterized the growth of the bursa in Barred crosses, 
Leghorns, and Reds. Maximum bursa size was reached in the crosses, 
Leghorns, and Reds between 10 and 12, li 1/2 and 6 , and 8 and 11 weeks
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Table 13
The Bursa and Testes of White Leghorns and Rhode Island 
Reds Expressed in Percent of Body Weight
White Leghorn Rhodi Island Red'
Age
Weeks
Number 
of Chicks Bursa Testes
Number 
of Chicks Bursa Testes
2 days 5 .13 .015 5 .096 .oia
1.5 (Weeks) h .2a .015 a .21 .012
U.O 10 .55 .oia 5 .3a .008
a.5 5 .ai .027
6.0 10 .28 .oa5 5 .37 .010
6.5 U .10 .036
7.5 6 .10 .026
8.5 5 .09 .033
9.0 5 .29 .oia
9.5 a .06 .07
10.5 a .06 .06
11 9 .21 .021
Table lii
Correlation Coefficients between Bursa and Testes 
in "White Leghorns and Rhode Island Reds
"White Leghorn Rhode Island Red
Age Number Correlation Number Correlation
Weeks of Chicks Coefficients of Chicks Coefficients
2 days 5 .808 5 0
1.5 (Weeks) k .666 k 1.0
U.o 10 .70U 5. -.785
U.5 5 -.618
6.0 10 .331 5 •Ho6
6.5 h -.105
7.5 6 -.102
8.5 5 .118
9.0 5 -.883
9.5 k -.72U
10.5 h -.3U5
11.0 5 9 ro
 
o
ia
respectively. This demonstrates that the bursa attains its maximum 
weight sooner than has previously been reported.
Breed differences were noted in respect to rate of bursa growth 
and bursa size at a specific age. The bursa of Leghorns reached their 
largest size approximately 3 1/2 to 3 weeks earlier than those of the 
Reds. Also, during the first 1* weeks after hatching the bursae of 
Leghorns were significantly heavier than the bursae of Reds. These 
results also demonstrate that inheritance modifies both age at which 
maximum bursa size is attained and rate of bursa growth. Heritability 
estimates of U week old White leghorns an(i Rhode Island Reds ranged 
from .33 to 2.13 and .23 to .97 respectively. In both breeds the es­
timate based on the dam was the highest. This indicates a maternal 
effect on bursa size at it weeks of age. The mean bursa weight of 2 
week old White Leghorns, Rhode Island Reds, Leghorn male X Red female, 
and Red male X Leghorn female is .1tit, .36, .Ul, and .U3 grams respec­
tively. The significantly larger bursa of Leghorns in respect to Reds 
and the largest bursae resulting from the Red male X Leghorn female 
cross are further indications of a maternal effect.
Maximum size is dependaat not only on inheritance but also enviro- 
mental factors. For example, Leghorns reared in batteries reached 
ma-vimum bursa size approximately 2 weeks earlier than litter reared 
Leghorns and, the bursae of battery reared Reds was at its greatest 
1 to 3 weeks earlier than litter reared Reds.
It has been demonstrated that the bursae of Leghorns is sig­
nificantly larger during the first month after hatching than those of
Reds. The consequence of such a difference may be theorized at this 
point. Hutt (1935* 1938 and 19U1) has suggested that White Leghorns 
are more resistant to Salmonella pullorum than heavies. In 19U1 
Hutt and Scholes confirmed this experimentally. Higher body tempera­
tures and a larger number of lymphocytes were two explanations for the 
greater resistance of White Leghorns advanced by Hutt (19U9) and 
Severens, Roberts and Card (19UU) respectively. Hutt (191*9) further 
stated that the high temperatures may stimulate phagocytosis and 
antibody production and thus indirectly aid in resistance. Both in­
vestigators have in mind, then, the lymphatic system which is recog­
nized as one of the bodies mechanisms against invasion by infectious 
(and non-infectious) organisms, (Bqyd, 19U7) and also, according to 
Raffel (1953)* a possible factor in the production of antibodies.
Since the bursa is a lymph gland, it may logically be assumed to play 
a role in resistance to infections. The larger bursae of the White 
Leghorns may then be a primary factor in the greater resistance en­
joyed by this breed over heavies to Salmonella pullorum as well as 
other micro-organisms. It has been shown that maximal bursa size is 
attained later in litter reared birds than in battery reared birds in 
both Leghorns and Reds. The prolonging of bursa growth in litter 
reared birds may be a result of external stress factors, such as 
micro-organisms, which stimulate the bursa to extend its growth and 
continue in its role as a defensive organ. Experimental evidence 
will be presented in a later section supporting the theory that the 
bursa plays a major role in the defensive mechanisms of the body.
A few of the many factors involved in bursa growth have already 
been mentioned. Reference to another will now be made. Hammond and 
Bird (19U2) state that larger bursae are a result of and not the cause 
of large bodies. Their conclusion is hardly justified since only one 
age group was studied. The data of this study demonstrate that a 
high degree of correlation exists between the bursa and body during 
the growing period of the bursa in Barred crosses, Leghorns, and Reds. 
Therefore, the bursa in part, is dependent on body weight increases. 
The bursa to body ratio of Barred Plymouth Rocks X Dominant White 
Rock crosses, Leghorns, and Reds, sexes combined, at 2 days and 3 
weeks are .11 and .33* .13 and .31 and .07 and .37 percent respective­
ly. After the third week the ratio is either constant or declines.
The bursa, therefore, grows more rapidly in relation to the body the 
first three weeks than in later weeks.
Differences in the size of the bursa between male and female 
chickens has not been reported in the literature. The data presented 
here demonstrate that the bursae of males were generally heavier dur­
ing the first J4 weeks after hatching. The male bursae were signifi­
cantly heavier than those of females at 2 days in crosses; 2 days,
1 1/2 and 2.0 weeks in Leghorns; and 2 and U weeks in Reds. The 
importance of this early sex difference is not clear; unless, the 
larger bursae of the male endows this sex with a greater ability to 
resist infection, assuming, of course, that the bursa is a factor in 
resisting infection.
It is generally accepted that the bursa regresses after the Uth 
or 5th month of age, (Jolly, 1913, 191U). In this investigation the 
bursa of Barred crosses, Leghorns, and Reds regressed between 10 and 
111, ii and 7, and 8 and 13 weeks respectively. This is earlier than 
has previously been reported.
Male hormone has been demonstrated by Kirkpatrick and Andrews 
(19UU) to increase the rate of bursa involution in the Pheasant.
Also, data have been presented by Venable (1955) indicating that high 
levels of cortisone acetate (cortone) will suppress growth of the 
bursa in the chicken. These results suggest that bursa involution 
may be caused by the combined actions of the hormones from the testes 
and adrenal glands.
Regression of the bursa was found by Jolly (191U) and Riddle 
(1928) to coincide with a marked enlargement of the testes. The 
data presented for Barred crosses, Leghorns, and Reds, in general, 
indicate that bursa involution is accompanied by an increase in the 
rate of growth of the testes. In Jolly's birds this was between 
U and 5 months. Sexual maturity in Jolly's birds, based on the pres­
ence of spermatozoa, was also attained at this time. Jolly was 
obviously studing a group of birds that matured late since some 
present day kinds of chickens have been reported to contain sperma­
tozoa as early as 8 weeks, (Jones and Lamoreux, 19l»2). This may be 
one reason -why the bursa of Jolly's birds regressed later than those 
of this studyj if, we assume, as in the Pheasant, that the male 
hormone is a factor in bursa regression. Jolly suggested that the
attainment of sexual maturity is delayed in the chicken by the bursa.
Riddle proposed that the bursa suppressed growth of the testes in
the dove. The data of this investigation support the proposal of
Riddle.
V. Summary
1. Maximum bursa size was attained in Barred crosses, Leghorns and 
Reds between 10 and 12, U 1/2 and 6, and 8 and 11 weeks re­
spectively. This is earlier than has previously been reported.
2. The largest bursa size of Leghorns was reached approximately 3 
1/2 to 5 weeks earlier than the bursae of Reds. The bursae 
during the first 1* weeks after hatching was also significantly 
heavier in Leghorns than in Reds. These results suggest that 
inheritance modifies both age at which maximum bursa size is 
attained and rate of growth.
3. Heritability estimates for it week old Leghorns and Reds ranged 
from .53 to 2.13 and .25 to .97 respectively. The estimate 
based on the dam was higher than the sire estimate in both 
breeds. Red males X Leghorn females produced progeny with 
larger bursae at 2 weeks of age than the bursae of the reciprocal 
cross or pure Leghorns and Reds. Both these results indicate a 
maternal effect on bursa size.
U. Environmental factors also affect bursa size as evidenced by the 
larger bursa of litter reared birds in comparison to battery 
reared birds.
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$. The bursae of White Leghorns, prior to their regression, were
heavier than the bursae of Reds. It is suggested that this 
may account for the greater degree of resistance enjoyed by 
White Leghorns to S. pullorum. The defensive role of the bursa 
may be extended in the presence of stress factors such as are 
encountered on litter.
6. The growth of the bursa is partially dependent on body weight 
increases. Bursa growth is most rapid in relation to the body 
during the first three weeks.
7. The bursa of males is generally larger than those of the fe­
male during the first li weeks after hatching.
8. The bursa regresses in crosses, Leghorns, and Reds between
10 and lli, li and 7, and 8 and 13 weeks respectively. Previously 
the bursa has been believed to regress at a much later age.
9. It is suggested that testicular and adrenal hormones are fac­
tors in the regression of the bursa.
10. The data presented in this study support the hypothesis that 
the bursa inhibits the growth of the testes.
11. Highly significant differences in bursa weight were found be­
tween families within a breed and at a specific age. Therefore, 
a comparison of bursa size from different sources within the 
same breed and at a specific age might lead to highly erroneous 
conclusions•
EXPERIMENTAL MODIFICATION OF BURSA GROWTH
I. Review of Literature
Experimental involution of the bursa was first reported by Jolly 
(191k). He produced, by fasting and thru irradiation, an involution 
of the bursa of chickens which was more rapid than the bursa involu­
tion of controls. Prolonged fasting resulted in atrophy of the corti­
cal substance and disappearance of lymphocytes and medullary substance. 
Jolly theorized that the sensitivity of the bursa to inanition war­
rants the supposition that it plays a role in the exchange of nutri­
tives. Irradiation of the bursa for 2k - I48 hours destroyed all 
the lymphocytes as well as the medullary and cortical substance.
Rate of involution of the bursa of Ring-necked Pheasants (Phasi- 
anus colchicus) was increased with the injection of .3 mg. of testos­
terone propionate for 20 consecutive days by Kirkpatrick and Andrews 
(19liU). These authors reported that castration had no affect on the 
bursa. However, according to Jolly and Pezard (1928), castration de­
layed bursa involution in the domestic fowl. They castrated 6 chick­
ens at 2 months of age and reported that at 6 months the bursae of 
the capons were larger than li controls. One control had a larger 
bursa than the capons.
It has recently been demonstrated that various hormones from the 
adrenal gland will provoke involution of lymphatic tissue in rats and 
mice. Greenspan, Gifford, and Deming (1953) produced thymic
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involution in rats -within U8 days with daily injections of 1.5 to 
3.75 mg. of cortisone acetate (cortone, Merck). Several different 
adrenal compounds injected at levels of 5-500 mg. daily for k days 
were found to cause lymphatic involution, especially of the thymus, 
by Santisteban, George, and Dougherty (19514). Frank, Kumagai and 
Dougherty (1953) observed that intact and adrenalectomized mice when 
starved for 96 hours differed in the rate of lymphatic involution. 
During a 96 hour fast the percent loss of lymphatic tissue of intact 
mice far exceeded the percentage loss of body weight, while adrena- 
lectony during an uninterrupted fast arrested involution of lymph 
tissue. Dougherty and White (l9inU), with a single subcutaneous in­
jection of adrenotrophic hormone reduced the total leukocyte count, 
decreased the absolute number of lymphocytes and increased the abso­
lute number of polymorphonuclear cells. Adrenal cortical steroids in 
oil, compound F, and corticosterone induced lymphopenia in adrenalec­
tomized mice, while des oxyc ortic os terone did not. Unoperated mice, 
unilaterally adrenalectomized mice, and bilaterally adrenalectomized 
mice were subjected to stress by Elmadjian and Pincus (19)43). Only 
the bilaterally adrenalectomized mice failed to show a marked reduc­
tion in lymphocytes. Dougherty (1952) has made an extensive review 
of the adrenocortical hormones which induce involution of the lympha­
tic organs.
In 1953 Dulin reported the effects of adrenocorticotropin hor­
mone in the White Leghorn cockerel and capon. Adrenocorticotropin 
hormone injected subcutaneously for 20 - 39 days significantly
depressed body weight, slightly depressed adrenal weight, increased 
comb size in cockerels but not capons, increased testes size, and 
increased pituitaiy size. The latter was given as the reason for in­
creased testes sizej that is, ACTH stimulated gonadotropin production. 
Kudzia and Champion (1953) injected cortisone acetate (cortone) sub- 
cutaneously into yearling male and female New Hampshires for two peri­
ods of U consecutive days with a 3 day lapse between the two periods. 
Cortisone acetate injected at a level of 1 mg. per pound of body sig­
nificantly reduced male bocfy- weight and fertility, but did not signif­
icantly reduce female weight or egg production. At 3 mg. per pound 
of boc^ y weight cortone did not significantly reduce bocfcr weight of 
females, but a significant increase in bocty- weight resulted after its 
withdrawal. No significant differences were found in egg weight, 
hatchability, and day-old or two-week-old chick weights from eggs of 
treated hens. Cortisone was injected subcutaneously at levels of 100, 
500, and 1,000 gamma into cockerels and capons by Dulin (1955). The 
birds were caponized on the 19th day and injected from the 20th to 
39th day. Cortisone did not alter weight gains of Vftiite Leghorn cock­
erels, but reduced the weight of the capons. Dulin explained this 
difference on the basis of the antagonistic action of androgen, to the 
catabolic action of cortisone.
At a meeting of the Ohio Academy of Science (1955) Venable pre­
sented data concerning the effect of cortisone acetate (cortone) on 
the bursa of Fabricius. Cortone was administered to 5 and 8 day old 
chicks. Ten daily injections of 5 mg. of cortone and 2 daily
injections of 5 mg. of cortone followed by 8 daily injections of 10 
mg. of cortone reduced the body size 30 and 35 grams respectively 
in 17 day old chicks. Corresponding reductions in bursa size were 
233 and 317 grams respectively. The bursa to body ratio (|p) for 
the control, 3 mg. and 3 mg. plus 10 mg. groups were 3*1*2, 1.36, 
and .83 respectively. Eight day old chicks received a total of 100 
mg. of cortone for 10 days. At 69 days of age the body and bursa 
were less than the controls. The bursa to body ratio of the treated 
and control groups was approximately the same.
The objectives of this study are the following: (l) to ascertain
if lower levels of cortisone than those employed by Venable (1935) 
will significantly suppress bursa growth; and (2) to determine the 
effects of the male hormone on the bursa.
II. Materials and Methods
The effects of cortisone acetate (cortone, Merck), testosterone 
propionate (oreton, Schering), and caponization on the bursa of Fa­
bricius were studied in 166 Rhode Island Reds and 72 White Leghorns. 
All birds were reared in batteries and fed a 22 percent broiler mash; 
Yacowitz and Marsh (1958).
Cortone is a saline suspension of cortisone acetate. Oreton is 
an oil solution of testosterone propionate. Both hormones were in­
jected into the pectoralis muscle. Daily amounts of 1.25, 2.50, 3.75, 
and 5.0 mg. of cortone per bird and .625 and 1.25 mg. of oreton per 
bird were administered.
Body weight was recorded at the start of each experiment. Forty- 
eight hours after the last injection all birds were killed and their 
body and bursae weighed.
The data were analyzed by the analysis of covariance, Snedecor 
(19U6).
Ill. Results
Presented in Table 15 is the affect of varying doses of cortone 
on the body and bursa of U week old Rhode Island Reds. Thirty-five 
birds of each sex were divided into 5 groups of seven birds each.
One group was retained as a non-treated control. Four groups were 
injected daily for 6 consecutive days with 1.25, 2.50, 3*75 and 5»0 
mg. of cortone per bird. The corresponding total dosage per bird for 
the i; groups was 7.50, 15.00, 22.50, and 30.00 mg. respectively. The 
means presented for a specific group include both sexes since the 
observed differences between sexes was not statistically significant.
Birds treated with cortone at the levels of 2.50, 3*75, and 5.0 
mg. gained less than the controls, while at the 1.25 mg. level gain 
in body weight was greater, (Table 15). The analysis of covariance 
demonstrated that there was a highly significant difference between 
the weights of the bursae in the 5 groups. The least significant 
difference for bursa weight was .12 and .16 grams respectively. The 
mean bursa weight for the treated groups were significantly lighter 
than the mean bursa weight for the controls. The bursae were sig­
nificantly lighter as the level of cortone increased with the
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Table 15
A Comparison of Varying Levels of 
Cortone on the Body and Bursa 
of h Week Old Rhode Island Reds
Amount of Cortone per Injection
Control 1.2$ mg. 2.50 mg. 3.75 mg. 5.0 mg.
Weight Gain 
During Treatment 
(grams)
77 87 62 55 39
! ^ sa x 100 
Body
.33 .30 .21 .Hi .lit
Bursa (grams) 1.03 .79 .51 .1*3 .29
Least Significant Difference for Bursa: Pq^ level 5 .12
PQ1 level = .16
exception of the 2.$0 and 3.75 mg. groups where no significant dif­
ference existed. The bursa to bocty- weight ratio demonstrates that 
as the dosage of cortone is increased the bursa represents less and 
less of the total body weight. These results agree with Venable 
(1955) who found that the bursae of birds exposed to a total of 50 
mg. of cortisone were markedly reduced in size. However, the data 
also demonstrate that a total dosage of 7.50 mg. of cortisone will 
significantly reduce bursa size.
Table 16 presents the effects of caponization, varying levels 
of oreton, and oreton plus cortone on body, bursa, and comb weight.
A total of 60 Rhode Island Red males were divided into 5 groups of 12 
birds each. One group was caponized at 6 weeks. Two groups received 
oreton at levels of .625 and 1.25 mg. per bird. The corresponding 
total dosage per bird was 3.75 and 7.50 mg. respectively. 1.25 mg. 
of ore'ton and cortone were given simultaneously to a fourth group} 
total dosage of each hormone per bird was 7.50 mg. The final group 
was non-injected. The hormones were administered at 7 weeks of age 
for 6 consecutive days.
Body weight gains in comparison to controls were depressed in
the presence of oreton, oreton plus cortone, and by caponizing,
(Table 16)• The least significant difference for bursa size at the
P and P levels are .62 and .82 grams respectively. The mean 
• # 0.1
bursa size of the three hormonally treated groups was significantly 
lighter than the bursae of the controls and capons. The mean bursa 
weight of the oreton plus cortone group was significantly lighter
Table 16
The Effect of Oreton, Oreton Plus 
Cortone, and Caponization on 8 
Week Old Rhode Island Red Males
Amount of OretonAmt. Oreton Capons 
Per Injection ______
I.2§ Sg*
Control .625 mg. 1.25 mg. fl.25 mg.
Weight Gain 
During Treatment 
(grams)
205 187 172 125 189
i ^ x 100 .38 .29 .31 .17 .1*1*
Bursa (grams) 3.73 2.6 3 2.81* 1.1*8 3.98
Comb (grams) 1.25 2.25 2.60 2.58 .82
Least Significant Difference for Bursa: 
Pq£ level - .62; Pq^ level a .82
than the bursae of the two oreton groups. No difference was noted 
in bursa weight between the two oreton groups. The mean bursa weight 
of caponized and control birds was 3.98 and 3.73 grams respectively* 
The observed difference was not significant. Expressed as a percent 
of the total body weight, the bursa was smallest in the hormone treat­
ed groups and largest in the Capons. The comb weight of the oreton 
treated birds measured the androgenic effect of testosterone. Bursa 
growth was supressed in the pheasant with injections of testosterone 
propionate, Kirkpatrick and Andrews (l9Wl)• The data of Table 16 
demonstrate that male hormone also suppresses the growth of the bursa 
in the domestic fowl.
The effects of oreton and cortone were also studied in White 
Leghorns of both sexes, Tables 17 and 18. Thirty-six male and fe­
male White Leghorns were divided equally into a control, an oreton, 
and a cortone group. Oreton and cortone were administered at the 
levels of .62$ and 1.2$ mg. per injection. These levels were chosen 
since the previous experiment had demonstrated their effectiveness 
in suppressing the growth of the bursa. The hormone injections 
were initiated at 3 weeks and continued for $ consecutive days. 
Thirty-six Rhode Island Red males were treated similarly to the 
White Leghorns. The Reds were included as a ,lstandardn since the 
effects of oreton and cortone on the bursa of this breed have al- 
reacfy- been demonstrated. The data of Tables 17 and 18 demonstrate 
that in both sexes the hormonally treated groups gained less than 
the controls. The mean bursa size was, also, less than the controls.
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Table 17
The Effect of Oreton and Cortone 
on the Bursa and Bocty- of U Week 
Old Male White Leghorns
Control
Oreton per 
Injection
Cortone per 
Injection
.625 mg. 1.25 mg.
Weight Gain 
During Treatment 
(grams)
91 61 67
B 3 5 F * 100 .53 •hh •h9
Bursa (grams) 1.57 1.19 1.32
Comb (grams) .75 2.31
Table 18
The Effect of Oreton and Cortone on the 
Bursa and Body of k Week Old Female White Leghorns
Control
Oreton per 
Injection
Cortone per 
Injection
♦625 mg. 1.25 mg.
Weight Gain 
During Treatment 
(grams)
83 70 69
Bursa ,AA 
Body 1100 .51 .38 .50
Bursa (grams) 1.U3 .99 1.32
Comb (grams) .25 .81
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The observed differencesj however, were not statistically significant. 
The bursa of males expressed as a percent of the body weight in the 
control, oreton and cortone groups was .53, «UU, and .1*9 percent re­
spectively. Corresponding figures for the females were .51, .38, and 
.50 percent respectively. It appears that oreton injections into male 
and female Leghorns suppressed the mean growth of the bursa more than 
the cortone injections. However, neither treatment mean was less than 
the expected mean, when the expected mean was calculated from a re­
gression equation based on the bursa data up to k 1/2 weeks (Table 12). 
Oreton and cortone treated Rhode Island Red males gained less weight 
and had smaller bursae than the control males, Table 19. The observed 
difference between the bursa of the control and cortone groups ap­
proached significance at level. However, again a regression equ­
ation based on bursa data up to 9 weeks for Rhode Island Reds (Table 
12) showed that the bursae of the hormone groups were similar to the 
expected bursa weight for birds of that body size.
IV. Discussion
Venable's 1955 observation indicated that a level of 5.0 mg. per 
injection of cortisone acetate (cortone) for 10 days depressed both 
body weight and bursa weight. Expressed in percentage, the bursa rep­
resented less of the body in the treated birds than in the controls. 
Cortisone acetate (cortone) was administered to 3 week old Rhode 
Island Reds in this study at levels of 1.25, 2.50, 3.75, and 5.0 mg. 
per injection for 6 consecutive days. The analysis of covariance
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Table 19
The Effect of Oreton and Cortone on the 
Bursa and Body of U Week Old Male 
Rhode Island Reds
Control
Oreton per 
Injection 
,62$ mg.
Cortone per 
Injection 
1.25 mg.
Weight Gain 
During Treatment 
(grams)
96 85 59
Burpa x 100 
Body •k3
.36 .30
Bursa (grams) 1.3U 1 .0U .82
Comb (grams) .20 .61
demonstrated that the bursa of treated birds was significantly light­
er than the control bursae. In a second treatment, 3 week old Reds 
were injected for 5 consecutive days with 1.23 mg. of cortone per 
injection. The mean bursa weight of treated birds was lighter than 
those of the controls. The observed differences approached the 
level of significance. Although the mean bursa weight of birds in­
jected with 1.23 mg. of cortone for 3 consecutive days was not sig­
nificantly smaller than controls, the results of both age groups 
indicate that cortone reduces bursa size independent of its suppres­
sing effect on the body.
The data of Table 17 indicates that the suppressing effect of 
cortone on the bursa in 3 week old "White Leghorns was a reflection 
of the retarded body growth in the presence of this hormone.
Kirkpatrick and Andrews (lPUii) reported that testosterone 
propionate will increase the rate of involution of the bursa in 
Ring-necked Pheasants. Data presented in Table 16 demonstrate 
that the mean bursa weight of 8 week old Reds was significantly re­
duced with .623 and 1.23 mg. of oreton per injection for 6 consecu­
tive days. However, 1.23 mg. of oreton administered to 3 week old 
Reds for 3 consecutive days did not significantly reduce the size of 
the bursa. The bursa of Rhode Island Reds is at its maximum size be­
tween 8 and 11 weeks. At this time it may be more sensitive to 
"factors" stimulating its regression than during its early growing 
period. This would explain the marked retardation in bursa size be­
tween 7 and 8 weeks as compared to 3 and li weeks.
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Since the bursa of Reds are more sensitive to testosterone pro­
pionate just prior to the period of maximal size than during the 
early growth, it may be assumed that the bursa of Leghorns would 
exhibit this same tendency. However, it is evident that this is not 
the case, since the oreton injections did not markedly reduce the 
bursa size of U week old Leghorns which approximates the age of maxi­
mal bursa size for this breed. The results indicate that the bursa 
of leghorns is not sensitive to testosterone propionate, at least at 
the levels employed.
Kirkpatrick and Andrews (19W1) reported that the bursa of ca- 
ponized Pheasants was similar in size to the bursa of the controls. 
The bursa of 6 caponized chickens were larger than the bursa of 3 
controls, Jolly and Pe;zard (1928). The size of one control bursa 
exceeded the bursae of the capons. In this study, the bursae of 8 
week old Red capons were slightly larger than the controls. This 
result coupled with the significant reduction in bursa size at 8 
weeks after injection with oreton suggests that the male hormone 
will suppress bursa growth, at least in 8 week old Reds.
lymphatic involution in the presence of adrenal hormones has 
been demonstrated in mammals, Dougherty (1952). This study indicates 
that the involution of the bursa resulting from cortisone acetate in­
jections can be partly explained by the accompanying loss in body 
weight. The lymphatic nature of the bursa isj however, indicated by 
its reaction to cortisone.
V. Summary
Cortisone acetate (cortone) reduces bursa size in it and 8 week 
old Rhode Island Reds independent of this hormones suppressing 
effect on body growth. However, the inhibition of bursa growth 
in it week old Leghorns with cortone is a reflection of the re­
tarded body growth.
Testosterone propionate (oreton) significantly reduced the size 
of the bursa in 8 week old Rhode Island Reds, while caponization 
slightly increased the weight of the bursa. A significant dif­
ference was not noted between the bursae of it week;, old oreton 
and control Rhode Island Reds. The bursae of Rhode Island Reds 
may be more sensitive to male hormone at 8 weeks than at it 
weeks.
The reduction in mean bursa weight of 3 week old Leghorns treat­
ed with a total amount of 7.50 mg. of oreton can be explained by 
the accompanying reduction in body size.
The lymphatic nature of the bursa is indicated by its reaction 
to cortisone.
STUDIES IN BURSECTOMT
I. Review of Literature
One method of determining the function of a gland is by re­
moving the gland and observing any changes that may result after 
its removal. Riddle and Tange (1928) were the first investigators 
to remove the bursa from live birds. They anaesthetized young 
doves and made a horizontal incision above the anus. The bursa 
was drawn thru this incision and its attachment to the cloaca 
cut. Bursectony did not change rate of growth, adult body weight 
or sexual maturity in the female. Since the function of the thymus 
may be similar to the bursa's function (Riddle, 1928), they be­
lieved that both glands must be removed simultaneously before the 
true nature of the function of either bursa or thymus could be 
determined. Both the thymus and bursa were removed in U2 day old 
Common Pigeons by Riddle and Krizenecky (1931). No effect was 
noted on growth, sexual maturity, testes, thyroid, liver, spleen, 
or egg envelope (membranes).
Woodward (1931) was the first investigator to bursectomize and 
thymo-bursectomize the domestic chicken. She removed the bursa, 
thymus, and both glands together at 10, h2, and 60 days in White 
Leghorns and Rhode Island Reds. No effect was noted on growth,, 
sexual maturity - as determined by first egg, hatchability, or 
shell strength. Comb area, wattle area, and testes weights were
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compared in controls, thymectomized, bursectomized, thymo-bursec t o- 
mized, and bursa implanted birds at 16, 23, and 26 weeks of age.
The comb area of male and female bursectomized and thymo-bursecto- 
mized birds at the three ages was generally larger than the comb area 
of the controls. The reverse was true for the comb area of the 
thymectomized birds. Comb area at 16 weeks in birds implanted with 
bursa tissue was larger in both sexes than the controls. Male and 
female thymo-bursectomized birds had a larger wattle area than all 
the other groups at 16, 23, and 26 weeks. The male thymectomized 
and bursectomized groups wattle area was larger than the wattle area 
of the controls at 23 and 26 weeks. Bursa tissue implanted into 
males and females decreased and increased wattle area respectively 
at 16 weeks of age. Testes weights were not consistently larger or 
smaller in any of the groups at the three ages studied. Woodward 
believed that the bursa may influence growth of the sexual characters 
since the comb and wattle areas were increased in bursectomized and 
thymo-bursectomized birds. A count of erythrocytes, lymphocytes, and 
granulocytes every 10 days did not reveal any differences between the 
i; groups in these blood components,
Taibel (1935) bursectomized 26 birds at 20, 1*0, and 60 days of 
age. His data indicated that bursectomy did not modify growth rate 
or final body weight. He also stated that the process of feathering, 
the attainment of secondary sexual characters - growth and color of 
head appendices, and the awakening of the sexual appetite were not
6U
affected by bursectomy. However, the laying of the first egg was 
somewhat advanced in the bursectomized birds.
It was suggested by Taibel (1938) that on ablation of the bursa 
in chickens, other organs would be able to assume its function; 
namely, the thymus. Birds were bursectomized at 2 and h months of 
age. The chickens were sacrificed 30 and 60 days after bursectomy 
at 2 months and 1$ and 30 days after bursectomy at U months. Ac­
cording to Taibel,. bursectomy during the age in which the bursa was 
still in "full efficiency" - 2 months - or had scarcely initiated 
regression - 1* months - did not result in compensatory hypertrophy 
of the thymus. In 19Ul Taibel removed the bursa in 1 1/2 and 2 
month old birds and reported that compensator;'’ hypertrophy of the 
thymus does not occur, based on weight and histological examination, 
3, 15, 30, and 60 days after bursectomy. Taibel presented tables 
containing bursa and testes weights, comb measurements, and observa­
tions on the ovaries for individual birds. He did not average the 
figures or utilize them in his conclusion. An average of the testes 
weights 15, 30, and 60 days after bursectomy at 2 months demonstrated 
that the testes of the bursectomized birds were consistently larger 
than their controls. Comb measurements were similar between the bur­
sectomized and control males. All ovaries of the control females 
were "immature" while the ovaries of 3 bursectomized females con­
tained a few follicles 60 days after the operation. Taibel (191*7) 
removed the bursa, thymus, and both bursa and thymus from 1*5 day 
old fowls. He concluded that bursathymectomy does not affect the
development or appearance of secondary sexual characters, sexual 
maturity, health, and characteristics and number of eggs laid. He 
also stated that the thymus and bursa are a part of the lympho- 
glandular system and for that reason their removal cannot make any 
noticeable impression on the organism.
The effects of bursectony on the growth of the testes and 
ovaries in the domestic fowl have not been revealed by previous 
investigators. Therefore, the objective of this experiment was to 
ascertain if bursectony alters growth of the testes and ovaries. 
Comb size, oviduct weight, and body growth were also studied after 
bursectony.
II. Materials and Methods
A total of b$9 White Leghorns and 2$7 Rhode Island Reds were 
used in this stucfcr.
Bursectony was performed at the ages of 2, 12, 19, and 26 
days. The procedure consisted of anaesthetizing the bird with 
ether and making a lateral incision at the base of the tail just 
above the upper lip of the vent. The bursa was then grasped with 
curved forceps at its most anterior aspect and eased towards the 
opening. It was cut as close to its attachment to the cloaca as 
possible in order to remove all the bursa tissue. The greatest 
danger in removing the bursa is in cutting the ureters which lie 
lateral to the gland. The ureters are hair-like structures at this 
young age. Since ether appeared to increase the mortality during
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the operations, its use was discontinued in the majority of bursec- 
tomies. The bursa was removed from non-anaesthetized chicks by 
applying pressure on the chicks back with the left hand and using 
the right hand in the removal of the bursa.
The control birds were either non-operated controls or "sham" 
operated controls. The procedure for the "sham" operation was the 
same as described for bursectonyj less the actual severing of the 
bursa from its attachment.
The body growth data of tables 27, 28, and 29 are based on sur­
vivors only.
The abbreviations B, S, and C in the tables designate, the bur- 
sectomized, "sham" and control or non-operated groups respectively.
The "t" test was used in analysing the observed differences in 
body growth and conib size. Differences in the weights of the testes 
and ovaries between the bursectomized and control groups were an­
alyzed by the method of covariance.
III. Results
Jolly (1913, 191U) has shown that bursa involution in the do­
mestic fowl coincides with a rapid enlargement of the testes. In 
order to determine the effect of bursa removal on the testes, birds 
were bursectomized at 12, 19, and 26 days of age and their testes 
weighed at varying ages after the operation. In part I of Table 20, 
the testes of bursectomized birds were larger than the 5 "shams",
2 and 7 weeks after the operation. Four weeks after the operation 
the testes of the "sham" birds were larger. However, this may be 
misleading, for one testes pair in the "sham" group weighed 1.0 gram 
or about eight times more than the next largest testes pair. If this 
exceptional bird were eliminated, the mean testes weight for the bur­
sectomized and "sham" birds would be .0831* and .0686 grams respective­
ly. The testes of 5 birds bursectomized at 19 days were heavier than 
their "sham" controls by .02 and .21 grams at 8 and 11 weeks of age 
respectively, but were lighter at $ weeks (part II, Table 20). The 
testes of k seven week old bursectomized and "sham" birds weighed .20 
and .18 grams respectively (part III, Table 20). Corresponding fi­
gures at 10 weeks of age were .32 and ,7U grams respectively. Sta­
tistically significant differences were not found between the testes 
of bursectomized and "sham" birds at the ages studied. The data in­
dicate that bursectony at 12 and 19 days results in heavier testes 
than those of the non-bursectomized controls.
Table 20
The Effect of Bursectony at 12, 19, and 26 
Days on the Testes of Vi/hite Leghorns
Age (Weeks) (gm.) S2 (gm.)
Part I Bursectomized 
at 12 Days
U .0U2£ .0359
6 .083U .25
9 .36 .30
Part II Bursectomized 
at 19 Days
5 .07)43 .090)4
8 .19 .17
11 .78 .57
Part III Bursectomized 
at 26 Days
7 .20 .18
10 .32 .7)4
1 Bursectomized
2 "Sham" Operated
Eighty-eight male and female Leghorns were bursectomized and 
"sham” operated at 2 days of age. Unfortunately, 2 day old Leghorns 
proved to be extremely sensitive to the operations, for only 52 
males and 5U females survived. At 3 weeks of age all the birds were 
killed. At this time the body, testes, conib, and oviduct of the 
bursectomized birds were weighed and compared with an equal number 
of "sham” controls. The results presented in Table 21 demonstrate 
that the testes of the bursectomized birds were larger than their 
"sham" operated pen mates. However, the mean comb weight for the 
bursectomized birds was less than the average comb weight of the con­
trols. The oviducts of bursectomized birds were significantly larger 
than the oviducts of "sham" birds. The data indicate that although 
the testes increase in size after bursectony, the amount of androgen­
ic hormone, based on comb size, is apparently reduced. The latter 
is supported by the comb measurements of Table 22 for Rhode Island 
Reds. However, the comb dimensions of bursectomized White Leghorns 
are larger than their controls (Table 23). The significantly lar­
ger mean oviduct weight of bursectomized females suggests that the 
ovazy was stimulated in its production of estrogen (Table 21).
The testes and ovaries from 5 bursectomized and control White 
Leghorns and Rhode Island Reds were compared in Tables 2i|, and 25 
at k* 6, and 9 weeks of age. Bursectony appeared to decrease the 
size of the testes in White Leghorns, but increase testes size in 
Rhode Island Reds (Table 2U). The testes of bursectomized Reds were 
significantly larger than the controls at U weeks of age. The
Table 21
The Effect of Bursectonjy at 2 Days 
on the Weight of the '^ 'estes, Comb 
and Oviduct of 3 Week Old 
White Leghorns
Number of 
Chicks per 
Group B (gm.) S (gm.)
Testes 26 .OSiOi .01*53
Comb 26 .27 .37
Oviduct 26 .0315* .0255
* Significant at the Pq^ level
71
Table 22
Conib Area in 1*1* Bursectomized and Control 
Rhode Island Reds
______ Bursectomized______    Control........
Comb Comb
Age HeightxLength Coefficient HeightxLength Coefficient
(Weeks)_________(cm.)______of Variation________ (cm.)_____of Variation
3 .51 .1*3 .60 .31*
1* .99 .51 1.09 .15
6 2.1*5 .32 2.51* .1*2
7 3.25 .17 3.70 .1*0
9 5.77 .32 6.71 .37
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Table 23
Comb Area in 1*0 Bursectomized and 
Control "White Leghorns
Bursectomized Control
Comb Comb
Age HeightxLength Coefficient HeightxLength Coefficient 
(Weeks)______(cm,)______of Variation________ (cm.)_____of Variation
3 1.13 .35 1.20 .38
it 2.1*0 .1*2 2.30 .1*0
6 7.01 .1*7 6.61 .16
7 12.67 .31 11.68 .21*
9 27.09 .32 2^.71 .21*
effect of bursectony on the ovaries of "White Leghorns and Rhode 
Island Reds is presented in Table 25. The ovaries of bursectomized 
"White Leghorns were larger than the ovaries of the controls at li 
and 6 weeks of age. The ovaries of bursectomized Reds were larger 
at li weeks and smaller at 6 weeks than the ovaries of the controls. 
In previous experiments the control birds were "sham" operated.
The control birds of Tables 2k and 25 were non-operatedj that is, 
not "sham" operated. If the stress of the bursectony operation is 
a factor in the weights presented, one would expect to find smaller 
weights in the bursectomized birds than in the non-operated birds. 
However, the testes of the Reds and the ovaries of both breeds were 
generally smaller in the non-operated controls (Tables 2k and 25).
The mean testes and comb weights of 1+5 bursectomized "White 
Leghorns were less than the average testis and comb weights of an 
equal number of controls (Table 26). The weight of the ovaries of 
the liO bursectomized Leghorns exceeded the average ovary weight of 
the controls by 10.6 milligrams.
Body weight was recorded weekly for the White Leghorns bursec­
tomized at 12, 19 and 26 days. The gain in body weight for the sur­
vivors is presented in Table 27. The 5 males bursectomized at 12 
days gained, in general, less weight than an equal number of "sham" 
controls (part I, Table 27). Twelve females bursectomized at this 
same age gained more than the 8 "sham" controls the first ii weeks 
after bursectony, but less the remaining 2 weeks. Ten males bur­
sectomized at 19 days gained more than the 10 "sham" controls
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Table 2k
The Effect of Bursectony at 12 Days on 
the Testes of Vihite leghorns and 
Rhode Island Reds
Age
(Weeks)
White Leghorn 
B C
Rhode Island Aed 
B C
k .021*1 .0326 .0156* .0121*
6 .0922 .0961 .0621 .01*29
9 .15 .16
* Significant at the Pq^ Level
Table 25
The Effect of Bursectony at 12 Days 
on the Ovaries of White Leghorns 
and Rhode Island Reds
Age
(Weeks)
White Leghorn
fe b
Rhode Island Red 
B C
k .01*35 .0359 .01*1*1 .031*5
6 .0839 .0635 .0716 .0753
Table 26
The Effect of Bursectony at 12 Days 
on the Weight of the Testes, 
Conib, and Ovary of U 
Week Old White 
Leghorns
Number of 
Chicks 
Per Group
B c
Testes h$ .0560 .0606
Comb \6 •39 •k$
Ovary ilO .0737 .0631
(part IX, Table 27). At the same age of bursectony, 13 bursectomized 
and 8 "sham" control females were not consistent in their weight 
gains. Body weight gains in k bursectomized males were less than 
the U "sham" males the first 3 weeks after the operation, but more 
the i;th week (part III, Table 27). The first two weeks after bur­
sectony 6 females gained more than the "sham" controls. The bur­
sectomized females gained less the last two weeks. Bursectony at 
the three ages appeared to affect body gains differently. Forty 
T/Uhite Leghorns and Jj.lt- Rhode Island Reds of both sexes were bursec­
tomized at 12 days and weighed at 2, 3, 1*, 6, 7, and 9 weeks of age. 
Tables 28 and 29 demonstrate that the differences between the growth 
rate of the bursectomized and control birds of either sex within the 
White Leghorns and Rhode Island Reds were not large or consistent.
IV, Discussion
Riddle (1928) showed that bursa involution in Columbidae is 
accompanied by a marked enlargement of the testes. An increase in 
testes size also accompanied bursa involution in the domestic fowl 
(Jolly 1913, 19Hi)• Both investigators suggested that the bursa may 
be inhibiting growth of the testes. The results presented in this 
study show that bursectony at 2, 12, 19 and 26 days of age does not 
consistently increase or decrease the size of the testes in White 
Leghorns or Rhode Island Reds. This indicates that the bursa dur­
ing its growth may not inhibit the testes as it appears to do in 
figures 1, 2, and 3 *
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Table 27
Bocfy Weight Gains in Male and Female 
White Leghorns Bursectomized and "Sham" Operated 
at 12, 19, and 26 Days of Age
Age Idales Females
(Weeks)________________ B S B S
Part I Bursectomized
at 12 Days
2-3 6U.8 65.it 70.0 56.8
3-it 83.8 91.0 76.9 6 8.it
lt-5 105.2 77.6 9lt.5 72.it
5-6 123.it 117.6 95.0 78.it
6-7 llli.O 171.it 103.7 llit.6
7-8 12U.0 161.6 129.9 129.0
Part II Bursectomized
at 19 Days
3-it 81t.2 80.9 8l.lt 72.5
it—5 100.6 96.5 51.7 92.6
5-6 130.5 98.it 125.9 95.6
6-7 1U9.3 llit.lt 78.9 9lt.9
7-8 litit.6 122.8 129.5 126.1
Part III Bursectomized
at 26 Days
it—5 60.5 63.5 98.3 83.lt
5-6 130.5 153.3 87.8 67.9
6-7 lit?.5 157.5 112.5 122.3
7-8 l6it.5 136.8 128.0 135.7
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Table 28
Body Weight Gains in UO Bursectomized 
and Control Male and Female
White Leghorns
Age Males Females
(Weeks)____________B_________C______________B_________ C__
2-3 53.6 61.9 53.7 60.1*
3-k 77.8 81.9 72.1* 73.5
h-6 219.9 268.1 127.5 106.1
6-7 208.8 190.8 l6U.li 167.9
7-9 335.9 317.8 235.1 267.9
Table 29
Body Weight Gains in iilj Bursectomized and 
Control Male and Female Rhode 
Island Reds
Age Males Females
(Weeks)___________ B________ C_____________ B________ C _
2-3 ltf.2 U8.8 38.8 A6.6
3-k 83.9 90.A 66.0 68.8
U-6 220.1 237.2 192.3 167.7
6-7 181.6 208.8 167.9 167.9
7-9 385.9 390.ii 30U.2 290.6
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Woodward (1931) believed that the bursa may influence the growth 
of the comb and wattle. Based on the figures presented by Taibel 
(l9i|l) there was little difference between the combs of bursectomized 
and control birds. Comb weight in this study was smaller in bursec­
tomized Leghorns than in controls (Tables 21 and 26)} however, the 
comb area was larger in bursectomized Leghorns of a different hatch 
(Table 23). Comb area of bursectomized Reds was smaller than controls
(Table 22). The conflicting results of the comb data indicate that
the bursa has no consistent affect on the growth of the head appendage.
Bursectomy did not effect age at sexual maturity in the female 
pigeon or domestic fowl according to Biddle and Tange (1928) and 
Taibel (1935) respectively. This paper demonstrates that size of
the ovary is increased after bursectony in both White Leghorns and
Rhode Island Reds. The significantly larger oviducts of 26 bursec­
tomized White Leghorns in respect to an equal number of controls 
indicates that the ovaries of the bursectomized birds may release a 
higher amount of estrogenic hormone.
The results presented in this investigation demonstrate that 
bursectony at 12 days does not alter rate of growth in male and fe­
male White Leghorns and Rhode Island Reds. These results agree with 
Woodward (1931) and Taibel (1935, 1938 and 19U1) who demonstrated 
that removal of the bursa did not modify rate of growth.
V. Summary
Removal of the bursa at 2, 12, 19, and 26 days of age did not 
consistently increase or decrease the size of the testes and 
comb in White Leghorns and Rhode Island Reds.
The ovaries of bursectomized birds were larger than the ovaries 
of the controls • The bursa, then, may inhibit growth of the 
ovaries.
The larger oviducts of bursectomized Leghorns indicates a higher 
content of estrogen in these birds.
Rate of growth is not affected by removal of the bursa.
THE ROLE OF THE BURSA OF FABRICIUS IN ANTIBODY PRODUCTION
I. Introduction
The role that the bursa of Fabricius plays in antibody produc­
tion was not included in the original plan of this research. It 
rather arose by chance. In order to understand the part played 
by chance, it is necessary to relate, in brief, why this investi­
gation was undertaken.
In the summer of 19%h Timothy S. Chang, a graduate student in 
Poultry Pathology, secured nine 6 month old pullets from a pen of 
bursectomized and non-bursectomized birds which I (B. Glick) had 
operated on, at 12 days of age. T. Chang injected the 9 pullets 
with Salmonella spp. 110" antigen, in order to obtain sera with a 
high antibody titre for a class demonstration; to the surprise of 
Chang 6 of the pullets died after the injections. Three survived, 
but produced no antibodies. The wing band numbers. were then checked 
with the record book which revealed that all 9 birds had previously 
been bursectomized. It was decided that the bursa was responsible 
for the results since the normal pen mates reacted to the injections 
by producing normal titres of antibodies.
Both investigators designed the following experiments and co­
operated in the accumulation of the data. The "0" antigen used was 
prepared by Chang and the bursectomies performed by Glick.
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II. Review of Literature
White Leghorns have been shown to be more resistant to Salmonella 
pullorum than heavies by Hutt (1935, 1938, 19hl) and Hutt and Scholes 
(I9i|l). Hutt (1933) and Lamoreux and Hutt (1939) proved that the 
body temperature of White Leghorns increased more rapidly than it 
did in Rhode Island Reds during the first 10 days after hatching. 
According to Hutt (I9h9), the increased resistance to infection is 
a result of high body temperatures. However, the effects of high 
temperatures on Salmonella pullorum may not be a direct one. It 
could result from acceleration of such defensive processes as phag­
ocytosis and the production of antibodies, (Jiutt, 19U9). Roberts, 
Severens, and Card (1939) exposed 1 and 6 day old chicks to an X-ray 
dose of 360 r units for 2 hours. The X-rayed and non-X-rayed chicks 
were then orally and subcutaneously inoculated with S. pullorum.
Death rate was higher in the X-rayed than in the non-X-rayed chicks. 
Lymphocytes were lower in the irradiated groups. They suggested 
that "the difference between resistant and susceptible chicks is due 
to an inherited differential in the number of lymphocytes at the 
period of greatest susceptibility." Severens, Roberts and Card (l9iiU) 
reported that White Leghorns resistant to pullorum had a higher con­
tent of lymphocytes than susceptible Rhode Island Reds up to 31 days 
of age. The spleens of resistant chicks were also larger than the 
spleens of susceptible chicks. These investigators demonstrated that 
removal of the spleen of resistant birds followed by an oral or
subcutaneous inoculation of pullorum bacteria increased mortality 
rate. Splenectomy in susceptible chicks had only a slight effect. 
Since orally inoculated splenectomized resistant chicks showed a 
greater resistance than normal susceptible birds, the authors 
suggested that other organs were important in resistance to pullorum. 
Splenectomy also reduced the lymphocytes in both resistant and sus­
ceptible birds. However, in ii days the resistant splenectomized 
birds recovered a larger amount of their lymphocytes than did the 
splenectomized susceptible birds. This indicated that the ability 
to compensate for the loss of lymphocytes was greater in the resis­
tant than in the susceptible chicks.
Recently the spleen of birds has received support from several 
investigators as one of the sites of antibody formation. Wolfe, 
Norton, Springer, Goodman, and Herrick (l95>0) injected 6-12 week 
old splenectomized birds with either crystalline beef albumin or 
beef serum. The splenectomized chickens produced a significantly 
smaller amount of precipitating antibodies than non-splenectomized 
birds. The authors suggested that more than one cell may be re­
sponsible for antibody production. The spleen was studied histo­
logically after a single intravenous injection of beef serum antigen 
into 6 week old chickens by Takashi, Ruth, and Wolfe (l95ita). They 
reported the following results: 1, the spleen increased slightly
in size after k days; 2, the mitotic index increased up to ii days;
3, the proportion of reticular cells and prolymphocytes did not change 
k, the percent of lymphocytes decreased on the Uth day and remained
low on the 6th day* 5, circulating antibody appeared on the 6th day 
and attained its maximum concentration on the 6th and 8th days; and 
6, percent of plasmacytes increased on the Uth day and remained high 
on the 6th and 8th days. It was suggested that antibody production 
is, in part, a function of the cells of the plasmaeytic series.
These results were confirmed .in $-6 month old birds by Takashi et al 
(19514b). They, also, found that the concentration of Pentose Nucleic 
Acid (P. N. A.) increased to a maximum on the 3rd day. The total 
amount of P. N. A. per spleen increased to a maximum on the Uth day. 
This coincided with the 1st appearance of antibodies. P. N. A. has 
been associated with protein synthesis. The basopholic properties 
of the cytoplasm of plasmacytes is also due to P. N. A. These re­
sults indicated that the antibody is produced by plasmaeytic cells.
Garren and Barber (193>U) injected Salmonella gallinarum at a 
young age into New Hampshires, Rhode Island Reds, and White Leghorns. 
The bursae of all 3 breeds involuted. The bursa involution of the 
heavies was probably due to an increase in adrenal hormones resulting 
from the hypertrophy of the adrenal gland and to a decrease in body 
size.
III. Materials and Methods
The "0" antigen was prepared by transferring Salmonella typhi- 
murium from a stock culture to a tryptose broth tube and incubating 
the solution for 2U hours at 37°c. A tryptose agar plate was streaked 
with the stock culture and incubated at 37°c for 2U hours in order
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to test the purity of the culture* Purity was demonstrated if smooth 
colonies were observed macroscopically and gram negative rods micro­
scopically.
A tryptose broth culture was inoculated with 2 to 3 loops of the 
pure broth culture. The bottle was incubated at 37°c for I48 hours; 
then, boiled for 2 1/2 to 3 hours. After cooling, 0.3 percent of 
formalin was added as a preservative.
The homologous antibody-antigen tube test which is specific for 
a specific bacterium requires the preparation of a tube test antigen 
of the bacterium. The tube test antigen was prepared by flooding a 
tryptose agar flask with the pure broth culture. The plate was in­
verted and incubated at 37°c for ij.8 hours. The surface growth media 
was washed with phenolized (0.3$) saline (0.83$) 3 to 3 times. The 
washings were filtered through absorbent cotton and into a beaker.
The tube test antigen was standardized for density and pH. A number 
#1 McFarland standard tube for standardizing the density of bacterial 
antigens was prepared by adding 1 cc of barium chloride— 1 gm. of 
chemically pure BaC^^I^O dissolved in distilled water and diluted 
to 100 cc, slowly into 99 cc of a 1 percent solution of chemically 
pure sulfuric acid with constant stirring. The s took antigen was 
diluted with phenolized saline (0 .83$) solution containing 0 .3$ of 
phenol to a turbidity corresponding to .73 - 1.00 on the McFarland 
nephelometer scale; that is, the number 1 McFarland standard tube.
The pH of the dilute antigen was adjusted to a pH of 8.2 to 8.3 by 
the addition of dilute sodium hydroxide (N/lO).
The injections were intramuscular into the pectoralis muscle.
All birds were bursectomized at 12 days. The procedure has already 
been presented on p. 6 5.
Five to 10 cc of blood was collected by heart puncture one week 
after the last injection. It was stored over night at i;0oF. After 
the blood had coagulated, the coagulate was loosened from the side 
of the test tube and the tube exposed to room temperature. For the 
homologous antibody-antigen tube test, 2 cc of the tube test antigen 
was combined with 0.08 cc of the resulting serum; a 1:25 dilution.
The tubes were incubated for 2k hours at 37°c. The reaction is posi­
tive if an antibody-antigen agglutination occurs which is observed 
as a floccular clumping.
IV. Results
Five male and five female "White Leghorns were bursectomized at 
12 days of age. Beginning at ij weeks of age the 10 bursectomized 
Leghorns and an equal number of controls received at intervals of 
it days 6 injections of S. typhimurium, 110" antigen. The amount of 
antigen administered initially was 0.05 cc, increased to 1 cc the 
following two injections, and to 2 cc the last three injection pe­
riods; thus each bird received 8.5 cc of the "0" antigen. The data 
are presented in Table 30. The results indicate that 7 week old 
bursectomized Leghorns were hindered in their ability to produce 
antibodies. It also suggested a sex difference, since 3 bursectomized 
males produced antibodies as compared to zero bursectomized females.
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Table 31 presents the effect of bursectony on antibody production 
in 17 week old White Leghorns and Rhode Island Reds. Seventy-four 
13 week old Leghorns and Reds were injected with M0" antigen, S. ty- 
phimurium, at intervals of ii days for a period of approximately It 
weeks. The total amount of antigen administered per bird was 17.5 
cc. The data demonstrate that only 3 bursectomized Leghorns and 5 
bursectomized Reds produced antibodies. Corresponding figures for 
the controls were 28 and 35 respectively. The total percent of bur­
sectomized and control birds producing antibodies was 10.7 and 86.3 
percent respectively. No significant differences were noted between 
the bursectomized males and females in response to the antigen. The 
data of Table 31 demonstrate that the bursa of Fabricius plays a 
vital role in the production of antibodies to S. typhimurium.
V. Discussion
According to Raffel (1953)> the cells taking part in globulin 
and antibody synthesis are cells of the reticulo-endothelial system, 
lymphocytes, and plasma cells. Roberts, Severens, and Card (1939) 
and Severens et al (19UU) have presented experimental data indicating 
that resistance to S. pullorum in the chicken is a function of the 
lymphocytes. Takashi et al (I95iia, 195Ub) suggest that plasmaeytic 
cells produce antibodies in the bird. Wolfe et al (1950) demonstrated 
that splenectomized birds were poorer antibody producers than non- 
splenectomized birds. The data of this study demonstrate that the 
bursa of Fabricius is necessary for optimum antibody production. Its
Table 30
Number of Birds and Antibodies 
Produced by 7 Week Old Male and 
Female White Leghorns
Sex
Bursectomized 
Positive Negative
Control 
Positive Negative
Males 3 2 3 1
Females 0 3 3 1
Total 3 7 8 2
Table 31
Number of Birds and Antibodies 
Produced by 17 Week Old White Leghorns 
and Rhode Island Reds
Bursectomized Control
Breed______ Positive Negative____ Positive Negative
White Leghorn 3 3k 28 9
Rhode Island Red 5 33 33 1 i
Total 8 67 63 10
Total in Percent 10.7 89.3 86.3 13.7
importance in antibody synthesis could lie in its production of 
lymphatic or plasmaeytic type cells. The bursa, then, would be ex­
pected to complete its role as an antibody organ between U 1/2 and 
7 weeks in Leghorns and 8 and 13 weeks in Reds which are the ages 
of approximate bursa regression for these breeds. However, this is 
not the case since 13 to 17 week old non-bursectomized Leghorns and 
Reds produced significantly more antibodies than bursectomized birds 
of the two breeds. It is possible that the bursa during its regres­
sion may still be capable of responding to an antigenic stimulus. 
However, it is equally tenable that the removal of the bursa at 12 
days interfered with a step in the full maturation of the antibody 
system. The bursa then may function in a dual manner by producing 
cells necessary for the production of antibodies and stimulating 
other tissues that are vital for antibody synthesis.
Since removal of the bursa was not 100 percent effective in 
eliminating the production of antibodies, it is logical to assume 
as did Severens et al (l9itU) in respect to resistance to S. pul­
lorum that other organs are important in antibody formation. The 
spleen has already been shown to be necessary for antibody production 
by Takashi et al (19£lta, 193iib) and Wolfe (19$0). The work already 
reported for the spleen and the present results in respect to the 
bursa of Fabricius indicate that both organs are necessary for optimum 
antibody production since the removal of either one will reduce the 
birds ability to produce antibodies.
Wolfe and Dilks (19U8) demonstrated that the production of pre­
cipitin.. against serum proteins increased steadily to h weeks of age 
and increased markedly from U to 5 weeks. The precipitin,: titre be­
tween 6 and 12 weeks was similar to the 5th week. The 5 week age 
corresponds to the age of maximum bursa size in White Leghorns. This 
suggests that the size of the bursa may be related to the chickens 
ability to produce antibodies.
It is generally agreed that White Leghorns are more resistant 
to Salmonella pullorum than are heavies, Hutt (191*9). This has been 
attributed to higher body temperatures and a greater number of 
lymphocytes by Hutt and Scholes (19U1) and Severens et al (19UU) 
respectively. The results of this investigation demonstrate that the 
bursae of White Leghorns are significantly heavier during the first 
1* weeks after hatching than are the bursae of Rhode Island Reds 
(Table 5). Since the bursa is important in antibody production, the 
heavier bursa of the Leghorns at an early age may be a factor in 
this breed's greater resistance to S. pullorum.
VI. Summary
1. Removal of the bursa of Fabricius at 12 days of age markedly re­
duced the birds ability to produce antibodies to S. typhimurium.
2. The bursa may produce cells necessary for antibody production, 
such as lymphocytes and plasma cells, and, also stimulate other 
tissues that are important for antibody synthesis.
The splenectomy data, of other investigators and the bursectomy 
data of this study suggest that both lymph organs are necessary 
for antibody production.
The maximum size of the bursa may be correlated with the birds 
ability to produce antibodies.
The larger bursae of Leghorns in respect to heavies may be a 
reason for this breeds greater resistance to S. pullorum.
GENERAL SUMMARY
Maximum bursa size was attained in Barred Plymouth Rock X 
Dominant White Rock crosses between 10 and 12 weeks, in White 
Leghorns between I; 1/2 and 6 weeks, and, in Rhode Island Reds 
between 8 and 11 weeks. This is earlier than has previously 
been reported.
The largest bursa size of Leghorns was reached approximately 
3 1/2 to 5 weeks earlier than the bursae of Reds. The bursae 
during the first four weeks after hatching were also signifi­
cantly heavier in Leghorns than in Reds. These results suggest 
that inheritance modifies both age at which maximum bursa size 
is attained and rate of growth.
Heritability estimates for U week old Leghorns and Reds ranged 
from 53$ to 213$ and 25$ to 97$ respectively. The estimate 
greater than 100$ can be attributed to sampling error. The 
estimate based on the dam was higher than the sire estimate in 
both breeds. Red males X Leghorn females produced progeny 
with larger bursae at 2 weeks of age than the bursae of the 
reciprocal cross or pure Leghorns and Reds. Both these results 
indicate a maternal effect on bursa size.
Environmental factors affect bursa size as evidenced by the 
larger bursa and later regression of the bursa in litter reared 
birds in comparison with battery reared birds.
The growth of the bursa is partially dependent on body weight 
increases. Bursa growth is most rapid in relation to the body 
during the first 3 weeks.
The bursa of males is generally larger than those of the female 
during the first it weeks after hatching.
The bursa regresses in Crosses, Leghorns, and Reds between 10 
and lU, U and 7, and 8 and 13 weeks respectively. Previously, 
the bursa had been believed to regress at a much later age. 
Cortisone acetate reduced the size of the bursa in 1* and 8 week 
old Rhode Island Reds independent of this hormones suppressing 
effect on body growth. However, inhibition of bursa growth in 
U week old Leghorns with cortisone was a reflection of the re­
tarded bocty- growth.
The lymphatic nature of the bursa is indicated by its reaction 
to cortisone.
Testosterone propionate significantly reduced the size of the 
bursa in 8 week old Rhode Island Reds, while caponization 
slightly increased the weight of the bursa, k significant 
difference was not noted between the bursae of h week old tes­
tosterone injected or control Rhode Island Reds. The bursae of 
Reds maybe more sensitive to male hormone at 8 weeks of age than 
at It weeks.
The reduction in mean bursa weight of 3 week old Leghorns treat­
ed with a total amount of 7.50 mg. of testosterone propionate 
can be explained by the accompanying reduction in body size.
The bursa of Reds appears to be more sensitive to cortisone 
acetate and testosterone propionate than the bursae of Leg­
horns.
The growth data for the bursa and testes indicated that the 
bursa was inhibiting early growth of the testes. Removal of 
the bursa at 12 days of age demonstrated that the bursa does 
not inhibit the growth of the testes. Bursectony, also, did 
not affect comb growth.
The data indicate that the size of the ovaries increase after 
bursectony.
The larger oviducts of bursectomized Leghorns indicates a 
higher content of estrogen in these birds.
Body size was not affected by bursectony.
The production of antibodies to Salmonella typhimurium, "0" 
antigen, was markedly reduced in bursectomized 1/ilhite Leghorns 
and Rhode Island Reds.
It is suggested that the bursa produces cells necessary for 
antibody production and stimulates other tissues that are im­
portant in the synthesis of antibodies.
The splenectony data of other investigators and the bursectony 
data of this study suggest that both lymph organs are necessary 
for antibody production.
The larger bursa of TNhite Leghorns in respect to the larger-bod­
ied birds may be a factor in the Leghorns greater resistance 
to pullorum.
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